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PREFACE

This report is prepared under guidance contained'In the Recommended 'Guide-
lines for Safety Inspection of Dams, for Phase I .Investligat!.ons. Copies
of these guidelines may be obtained from the Uffice of Chief of Engineers,
Washington, D.C. 20314. The purpose of a Phase I Investigation is to Iden-
tify expeditiously those dams which, may pose hazards to human life or. pro-
perty. The assessment of the generalconditor of the dam is based upon
available data and visual inspections. Detailed investigations, testing,
and detailed computational evaluations are beyond the scope of a;Phase I
investigation; however, the investigation is intended to identify any need
for such studies.

In reviewing this report, it should be realized that the reported condition
of the dam is based on observations of field conditions at the'time of in-
spection along witth data available to the inspection team. In cases where
the reservoir was lowered or drained prior to inspection, Such action, while
improving the stability and safety of the dam, removes the normal load on
the structure and may obscure certain conditions which might otherwise be
detectable if inspected under the normal operating environment of the
structure.

It is important to note that the condition of a dam depends on numerous and
constantly changing internal and external conditions, and is evolutionary
in nature. It would be incorrect to assume that the present condition of
the damn will continue to represent the condition of the dam at some point
in the future. Only through frequent inspections can unsafe conditions be
detected and only through continued care and maintenance can these condi-
tions be prevented or corrected.

Phase I inspections are not intended to provide detailed hydrologic and
hydraulic analyses. In accordance with the established Guidelines, the
spillway design flood is based on the estimated "Probable Maximum Flood"
for the region (greatest reasonable possible storm runoff), or fractions
thereof. The spillway design flood provides a measure of relative spill-
way capacity and serves as an aid in determining the need for more detailed
hydrologic and hydraulic studies, considering the size of the dam, its
generdl condition and the downstream damage potential.

"I. I



PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

BRIEF ASSESSMENT OF GENERAL CONDITION

AND

RECOMMENDED ACTION

Name of Dam: Glenburn Pond Dam
NDI ID No. PA-00371
DER ID No. 35-1

Size: Small (16.3 feet high; 263 acre-feet)

Hazard
Classification. High

Owner: Natural Lands Trust
1339 Chestnut Street
Philadelphia, Pennsylvania 19107
Attn: Lowell T. Young, Property Supervisor

State Located: Pennsylvania

County Located: Lackawanna

Stream: Dalton Run

Date of Inspection: M3y 14, 1981

Based on available records, past performance, visual inspection, field
sýrvey and calculations, the Glenburn Pond Dam is judged to be in poor
condition. based on the small size and the high hazard classification
of the dam, the recommended Spillway Design Flood (SDF) varies betwe.n
the one-half of the Probable Maximum Flood (1/2 PMF) and the full PMF.
Because of the small storage capacity in the reservoir, the 1/2 PMF is
selected as the SDF for Glenburn Pond Dam. .The present spillway capacity
of 454 cfs (cubic feet per second) can pass approximately 2% of the PMF.
Overtopping analysis indicates overtopping depths of 1.9 feet and 5 feet
during flood magnituaes of 0.1 PMF and 0.5 PMF, respectively. The dura-
tion of overtopping for the aforementioned floods is 8.5 and 11.75 hours,
respectively. Failure of the dam would increase the downstream hazard
to loss of life and property.

Based on the above assessment, the spillway isfclassified as seriously
inadequate and the facility is rated unsafe, non-emergency.

The bulging dry stone wall and the gradual loss of stone from the suppor-
ting buttress wall are of concern. The observed conditions suggest that
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- .additional investigations are required to determine the extent of remedial
* measures necessary to insure the structural integrity of the dam..

Although considerable leakage emanates at the toe and through the face of
the dry stone wall, there is no indication of undermining or that internal

p erosion is taking place in the upstream earth blanket.

There are no means to draw down the reservoir in emergencies.

There is no emergency warning or evacuation plan in effect for the facility.

The following investigation and remedial measures are recommended for
immiediate implementation by the owner:

(1) Perform additional hydrologic and hydraulic analysis to more accura-
tely determine the required spillway capacity. As a result of the
analysis, design and construct a spillway that will pass the required
SDF without overtopping the dam.

(2) Perform additional investigations to evaluate the stability of the
dam. Take corrective measures as indicated by these investigations.

(3) Remove trees from the dam proper, under the supervision of a Pro-
fessional Engineer.

(4) Monitor the rate and clarity of water leakage through the dam. Take
appropriate action as necessary.

(5) Observe the upstream slope for wave erosion damage and repair as
necessary.

(6) Develop a method to draw down the reservoir in emergencies.

All investigations, monitoring programs and design of remedial measures
should be performed by a Professional Engineer, 2xperienced in the design
and construction of dams.

In addition, it is recommended that the owner take the following precau-
tionary operational and maintenance measures:

(1) Develop a detailed emergency operation procedure and warning system
to facilitate timely and orderly evacuation of the downstream popu-
lation if any hazardous conditions at the dam are observed.

(2) When warnings of a storm of major proportions are given by the National
Weather Service, activate the emergency operation and warning system
procedures.
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GLENBURN POND DAM

(3) After satisfactory implementation of the remedial measures resulting
from tae recommended additional investigations, institute a formal
inspection a;id maintenance program for the dam. As presently re-
quired I, Lne Bureau of Dams and Waterway Management of PENNDER, the
program shall include an annual inspection of the dam by a Professional
Engineer, experienced in the design and construction of dams. Defi-
ciencies found tluring annual inspections should be remedied as necessary.

Submitted by:

GEO-TECHNICAL SERVICES, INC.

I ~~~~~~GIDEON YACN1t1. GI~N Y.Hi/' _

_ ;G ON YACH P. EP.

WEN Date: August 31, 1981

6
Approved by:

DEPARTMENT OF THE ARMY
BALTIMORE DISTRICT, CORPS OF ENGINEERS

AlES W. PE~CK o n ltr

"sli•t r j c tEnginver

Date:- D__ ___ __ ___ ___ __
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PHASE I INSPECTION REPORT

NATIONAL DAM INSPECTION PROGRAM

GLENBURN POND DAM

NDI# PA-00371, PENNDER# 35-001

SECTION 1

GENERAL INFORMATION

1.1 Authority.

The Dam Inspection Act, Public Law 92-367, authorized the Secretary
of the Army, through the Corps of Engineers, to Initiate a program of
inspection of dams throughout the United States.

1.2 Purpose.

The purpose is to determine if the d.m constitutes a hazard to human
life or property.

1.3 Description of Project.

a. Dam and Appurtenances: Glenburn Pond Dam is a composite earth-
fill and dry stone masonry structure, termi-nating with an earthfill em-
bankment on the left abutment. The 15.3-foot high dam has a total length
of 190 feet, including the spillway and the earthfill embankment section.
The spillway, located at the middle of the dam, consists of a broad crested
concrete weir with an effective 'length of 51 feet. The upstream approach
to the spillway has an earthfill bottom with stone and niortar side walls.
There are no other constructed outlets through the dam.

b. Locatio,,: Glenburn Pond Damn is located on Dalton Run, a tribu-
tary to the South Branch Tunkhannock Creek, in Glenburn Township, Lacka-
wanrna County, one and one fourth miles south of Dalton, Pennsylvania. The
dam and reservoir are contained within the Dalton, Pennsylvania 7.5 Minute
Serics USGS Quadrangle Map, at Latitude N41 031'07" and Longitude W75 043'42'.
A Location Map i.c shown in Exhibit E-1.

c. Size Classification: Small (16.3 feet high, 263 acre-feet storage
capacity at top of dam).

d. Hazard Classification: High (see paragraph 3.1e).

e. Ownership: Natural I.ands Trust, 1339 Chestnut Street, Philadelphia,
Pennsylvania 19107 (Attention Lowell T. Young, Property Supervisor).

(
f. Purpose of Dam: Public recreation and conserv'ation.



g. Design and Construction History: Information related to the
design and construction of the dam is not available. iPata obtained from
the Pennsylvania Department of Environmental Resources (PENNDER) indicates
that the dam was built prior to 1854. Although "as-built" drawings are
not available, inspection reports, correspondence and photographs docu-
ment repairs and maintenance activities since 1913. An inspection report
dated May 5, 1913 describes the dam as a dry stone masonry dam having a
vertical downstream face and an upstream batter of 3 on 4 faced with
planking, against which was a gravel embankment. Two flumes (15'H x 20"W)
with control gates on either side of the spillway were sealed off (see
Photograph 4, Exhibit E-3), and timber braces were used to support the
bul ge and overhand of the right downstream wall (see Photograph 2, Exhibit
E-2?). Subsequent repair work using a dry stone buttress was undertaken
in 1926 (see Photogtaphs 4 and 5, Exhibit E-3). Considerable leakage
through the dam under the spillway was reported in 1956 and illustrated
in the present inspection photograph 2, Exhibit C. Recent reconstruction
of the plank spillway weir was reported orally by the owners representa-
tive, Mr. Lee Reese, during the present inspection (see spillway section,
Exhibit A-4). Additional information is on file with the Pennsylvania
Department of Environmental Resources (PENNDER) and the Pennsylvania Fish
Commission.

h. Normal Operational Procedure: The pool is normally maintained
at the spillway crest elevation with excess inflow discharging over the
spillway into Dalton Run.

1.4 Pertinent Data.

a. Drainage Area: (square miles) 8.8

b. Discharge at Dam Site: (cfs)

Maximum known flood at damsite since construction Not Known

Outlet works at minimum pool elevation Not Applicable

Spillway capacity at maximum pool elevation
Design Conditions Not Known
Existing Conditions 464

c. Elevation: (feet above msl) For datum see paragraph 3.1a.

Top of Dam
Design Conditions Not Known
Existing Conditions (low point) 1036.3

Maximum Pool
Design Conditions Not Known
Fxisting Conditions 1136.3

Normal Pool (spillway crest) 1034.3

Upstream Invert Outlet Works Not Applicable

Downstream Invert Outlet Works Not Applicable

Streambed at Toe of Dam 1020.0

2
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d. Reservoir Length: (feet)

Normal Pool 2100

Maximum Pool (at to,, of dam) 2170

e. Storage: (acre-feet)

Normal Pool 199

Maximum Pool
Design Conditions Not Known
Existing Conditions 263

f. Reservoir Surface: (acres)

Normal Pool 25.7

Maximum Pool
Design Conditions Not Known
Existing Conditions 39

g. Dam:

Type - Dry stone, masonry and earth embankment.

Length (feet) (includirng spillway & earth embankment) 190
Height (feet) 16.3

Top Width (feet)
Design Conditions Not Known
Existing Conditions Varies from 10 to 21

Side Slopes - Upstream - Varies from IV on 2.3H to IV oi 20H
Downstream - Near vertical wall with 450 stone buttess.

Zoning - See Type above.

Cut-off Not Known
Impervious Core Not Known

Grout Curtain Not Known

h. Diversion and Revuiating Tunnel: None

i. Spillway:

Type - Low Flow Sharp crested rectangular plank
weir.

- High Flow Broad crested rectangular concrete
weir.

Length of Weir (feet) 51

Crest Elevation (feet above MSL) 1034.3
Upstream Channel Earth bottom

Downstream Channel - Vertical drop to dumped stone in streambed.



j.Outlet Works:

Type Not Applicable

Length (feet) - estimated Not Applicable

Closure and Regulating Facilities Not Applicable

Access Not Applicable

44



SECTION 2

ENGINEERING DATA

2.1 Design.

a. Data Available: There is no available info-rmation related to
the design and construction of the dam. The earliest information avail-
able consists of photographs, correspondence and inspection reports be-
ginning in May 1913 that are on file with PENNDER.

b. Design Featu-es:

(1) Dam: The dam is a dry stone masonry gravity st:-ucture with
a concrete capped near-vertical downstream wall. As a result of down-
stream bulges and overhangs, this wall is now supported by dry stone
buttresses (see Exhibit A-3). The wall was reported to have an upstream
slope of 3V on 4H that was covered with plank sheeting and gravel, and
is now covered with an earthfill that varies ir slope from 1V on 2.3H to
1V on 20H (see Exhibits A-3 and A-4). The dry stone wall is 16.3 feet
high at its maximum section and 160 feet long, ter'minating with 30 feet
of earthfill embankment on the left abutment (see Exhibit A-i). The
total length of the dam is 190 feet, including a 51-foot spillway section
near the center of the dam. The crest of the dam varies from 10 feet wide
on the right abutment to 21 feet wide near the end of the left abutment.
The top of the dam along its axis slopes down from both abutments to low
points on the spillway wall (tee Exhibit A-2).

(2) Appurtenant Structures:

(a) Spilwaa: The 51-foot long spillway acts as a sharp-
crested weir under low flow conditions and as a broad-crested weir under
high flow conditions. The sharp-crested weir is cunstructed with lapped
2 x 12" planks, 48" long, covered with sheet iron flashing, extending
12-inches above the downstream spillway slab. The broad-crested weir is
a 5-foot wide concrete spillway slab that is 3.3 feet below the top of the
spillway side walls. These walls curve at the upstream end to form an
approach channel about 58 feet wide at a distance of about 15 feet upstream
of the spillwc y drop (see Exhibit A-i). At the base of the vertical drop,
large dumped stone boulders terve to dissipate energy and protect against
undercutting of the vertical wall (see Exhibit A-4 and Photograph 3,
Appendix C).

(b) Outlet Works: There are no provisions to draw down the
reservoir. A May 5, 1913 dam inspection report states that two 15" x 20"
sluiceways on either side of the spillway were abandoned and sealed. A
September 2, 1937 dam inspection report states that "the upstream end of
the outlet is covered with stones and silt and the valve is inaccessible".
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2.2 Construction Records.

There are no records available for evaluation of construction methods
and the classification or quality of materials placed in the dam.

2.3 Ogeration.

There are no records available to indicate the past operation proce-
dures for the dam. In May 1978, PENNDER and the Pennsylvania Fish Commission
approved a 1-foot driw down (siphon) of the lake for weed control purposes.
The present normal operation of the facility is described in paragraph
1.3h, Section 1.

2.4 Other Investigations.

Information in PElNDER files indicates that several on-site inspections
were made since May 5, 19-13. The inspections revealed scephge flow from
the downstream face of the masonry structure and bulging stone walls. The
downstream bulging ard overhang in the vertical stone wail nas not had any
significant movement since the inspection report of August 12, 1924.

2.5 Evaluation.

a. Availability of Data: Engineering data were extracted from the
files of PENNDER and from information supplied by the Pennsylvania Fish
Commission. The owner's representatives stated that, to the best of their
knowledge, there are no plans or other information available on the design
or construction of the dam.

b. Adequacy: In the absence 3f plans, engineering specifications
and construction records, assessment of the dam and its safety must be
based primarily on the visual inspection and the hydrologic and hydraulic
analysis presented in lertion 5.

c. Validity: There is no reason to question the validity of the
available date.

6



( SECTION 3

VISUAL INSPECTION

3.1 Observations.

a. General: The overall appearance of the damris poor'. Deficiencies
observed during the field inspection are illustrated on the General Plan,
Exhibit A-i, Appendix A. The profile and typical sections of the dam are
presented in Exhibits A-2, A-3 and A-4, and are based on field survey made
the day of the inspection. The survey datum for this inspection is based
on; interpolation of USGS contour lines shown on Exhibit A-1. On.,the inspec-
tion date (May 14, 1981), the lake level was at elevation 1034.5, about 0.2-
foot above the spillway crest. Pertinent features observed are shown in
Photographs, presented in Appendix C.

b. Vamm: Observatiorns made during th, field inspection reveal that
the earth and dry stone masonry dam is in poor condition. The dam is
reported to be more than 127 years old. The top surface of the dam slopes
down from both abutments to the spillway walls, as illustrated on Exhibit
A-2. The downstream vertical dry stone wall bulges downstream-and over-
hangs 14 inches on the right half and 11 inches on the left half (see
Exhibit A-3, and Photograph 7, Appendix C). The top of the wall is covered
with a concrete cap (2' wide and 9" thick) along its entire length. The
concrete cap has a 1½ inch wide vertical crack about 22 feet right of the
spillway near the maximum bulge point (see Exhibit E-1). The downstream
wall is supported by stone buttresses, as shown in Exhibits A-I, A-3 and
photograph 3, Appendix C. Part of the left buttress is wedged between the
vertical stone wall and the 10-inch wide concrete foundation wall o4 an
abandoned ice house (see Exhibits A-i and A-4). The buttress and stonewall'
are constructed with "one and two man'! sandstone boulder slabs. The top
25 to 50 percent of the buttress stones near the spillway have been dis-
placed (probably dumped in the spillway splash: area). The spillway 'splash
apron consists of a 3-foot high pile of large boulders, dumped against the
vertical wall under the entire spillway length. Scattered leakage points,
spurting about 1 GPM, are visible in the stone wall below the spillway (see
Photograph 2, Appendix C). A point source leak of about 100 GPM is located
at the left toe of the right buttress, about 22 feet downstream of -the dam
(see Photograph 4, Appendix C). There is no accimulation of fines in the
leakage area. Brush and trees to 10 inches in. diameter are growing in the
stone wall and on the earth embankment slopes.

c. Appurtenant Structures:

(1) Spillway: The overall dppearance of the spillway is fair.
The spillway consists of a combination low flow sharp-crested plank weir
and a high flow broad-crested corcrete weir, both 51 feet in length. Below
the spillway "'s a dumped rock splash apron. Details of the spillway and
splash apron are described in Section 2.1b, 2(a), and illustrated in Exhibit
"A-i, A-2 and A-4. Observed features are describea in the "Visual Inspection
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Check List" in Appendix A and shown in the Photographs in Appendix C. Flow
over the spillway on the inspection date was 0.17-foot above the weir crest.
The owners representative stated that the present plank weir was constructed
in the summer of 1980 and that cracks in the spillway walls and wall cap were
repaired at that time.

(2) Outlet Works: There are no existing facilities to draw down

the reservoir level. PENNDER files indicate that in May 1978, approval was
given for a 1-foot draw down of the lake by use of a siphon.

d. Reservoir Area: The right side of the reservoir is bordered by a
four lane highway and residential area with slopes under 5 percent. The
upstream area south and southwest of the reservoir area has wooded slopes
of 10 to 15 percent. The left shore of the reservoir contains wooded slopes
of 15 to 25 percent. There is no evidence of unstable slope conditions that
would affect the safety of the dam. The large marshy sedimentation area at
the southeast end of the lake is reported to have accumulated during the
past 15 years. This sedimentation problem has resulted in reducing the
surface area of the lake and the shallow (3 to CU deep) marshy conditions.
Pertinent watershed features are shown in Exhibi'. E-1. Geologic conditions
in the area are described in Appendix F.

e. Downstream Channel: Downstream of the dam, the stream channel has
a gradient of about 1.25 percent for 1500 feet and then flattens to less
than 1 percent. Along the first 150 feet, both sides of the channel are
wooded with steep side slopes (1V on 1½H). The balance of the stream channel
has gentle side slopes containing scattered trees, open lawn areas and
several homes within 200 feet of the stream banks. In the town of Dalton,
about 14 miles downstream, much of the stream channel is confined between
constructed vertical walls in a flood plain that is about 600 feet wide.
The downstream Furvey indicates that within 14 mile downstream of the dam,
about 20 homes ;.nd businesses, a fire station and a public school would be
seriously dam7ged and more than a few lives may be lost should Glenburn
Pond Dam fai,. Consequently, Glenburn Pond Dam is classified as a high
hazard structure.

8



SECTION 4

OPERATIONAL PROCEDURES

4.1 Normal Operating Procedures.

The reservoir is maintained at normal pool with excess inflow dis-
chargiiig over the spillway. During low inflow periods, much of -he flow
would leak through the dam and pool levels would drop below spillway crest
elevation.

4.2 Maintenance of Dam.

Maintenance of the dam by the present owners is minimal and limited
to specific repair prijects. The absence of tr;1sh and debris indicates
Lhet :leanup activities .re r.izntai-'d. Tn•;. was no (,vil.oce of efforts
to replace the displaced buttress stunes, or to remove the brush and trees
growing on the uostream slope ard downstream wall.

4.3 Maintenance of Operating Facilities.

There are no operating facilities at the dam.

4.4 Warning System in iffect.

There is no emergency operating and warning system in effect.

4.5 Evaluation.

The maintenance of the dam is inadequate. The missing buttress stones
should be replaced, the trees and brush should be removed from the dam and
the owner should institute regularly schedules maintenance inspections.
The leakage flows should be monitored to detect any changes in quantity and
turbidity. Findings and subsequent maintenance and repair work should be
documented. A surveillance program should be developed to detect any adverse
conditions at the dam and a method of emergency drawdown should be instituted.
An emergency warning system and a formal evacuation plan should be prepared
to evacuate the downstream population if adverse conditions develop at the
dam.,

(..
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SECTION 5

HYDROLOGY AND HYDRAULICS

5.1 Design Data.

There are no hydrologic and hydraulic data available for Glenburn
Pond Dam.

5.2 Experience Data.

The probable flood of record in Dalton Run, a tributary to the South
Branch Tunkhannock Creek, is the March 1964 flood. Other major floods
within the Susquehanna River Basin in this century are those of May 1942,
Auguc*'v 1951, 'une 1972 and September 1975. Flood stages or flow records
at the damsite or above the mouth of D& ion Run are not available. Thorp
i, no infortrntion availLole relative to overtoppi.,(j uccurrences of the
dam during the Rfreementioned floods.

5.3 Visual Observations.

Based on the visual inspection and field survey, described in Section
3 of this report, the observations relevant to hydrology and hydraulics
are evaluated below.

a. Dam: The present low point on top of the dam is at elevation
1036.3, or 2 feet above the spillway crest. The variaticn in dam crest
elevation shown in Exhibit A-2, Appendix A, is based on a field survey
conducted during the May 14, 1981 inspection.

b. Spillway: The cross section of the 51 foot long weir is presented
in Exhibit A-4, Appendix A. The weir configuration appears to function as
a sharp-crested weir, when subjected to relatively low head, and as a
broad-crested weir during flood flow discharges. The shape of the weir
resembles a model weir that was tested at the hydraulic laboratory of
Cornell University and for which discharge coefficients were established
(see Sheet D-8, Appendix D).

c. Reservoir Area: There are twc major inlets into the reservoir, as
shown in Exhibit E-1, Appendix E. Of the total 8.8 square-mile drainage
area of the reservoir, 25% contributes to the inflow at the southern inlet
and the remaining 75% to the inflow at the eastern inlet, located some 1000
feet southeast of the right abutment. There are no upstream structures of
significant influence on the rate and time of flood inflow into Glenburn
Pond. Because of the size of the drainage area, future minor changes in
the prevailing land use within the watershed would not significantly alter
the hydrologic and hydraulic analysis, summarized in paragraph 5.5.
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d, Downstream Conditions: The spillway capacity, as well as the
overtopping discharge capacity over the dam, are.not affected by tailwater
conditions for the entire range oV discharges considered in this study.

5.4 Met.hod. of Analysis.

Hydrologic and hydrau~l ic evaluation was made in acco~rdance with the
procedures and guidelines established by the U.S. Army, Corps of Enginee:.s,
Baltimore District, Phase I Safety Inspection of Dams. The analysis ha
been performed utilizing the HEC-1DB prograin developed by the U.S. Army
Corps of Engineers, Hydrologic Engineering Center, Davis, California.
brief description of program capabilities, as well as the input and output
data used specificallyfor this analysis, is presented in Appendix D.

5.5 Summary of Analysis.

a. Spillway Design Flood: According to criteria established by the
Office of the Chief of Engineers (OCE), the Spillway Design Flood (SDF) for
the size (small) and hazard potential (high) of the Glenburn Pond Dam is
between the one-half Probable Maximum Flood (1/2 PMF) and the full PMF.
Because of the small storage capacity in the reservoir, the 1/2 PMF is
selected as the SDF for the Glenburn Pond Dam.

b. Results of Analysis: Pertinent results are tabulated in Appendix
D. The present spillway capacity of 464 cfs (cubic feet per second) can
pass approximately 2% of the PMF.. The computed reservoir inflow for 50%
of the PMF is 9630 cfs and that for 10% of the PMF is 1930 cfs. An over-
topping depth of 1.9 feet and overtopping duration of 8.5 hours were derived
for the discharge resulting from the 10% of the PMF. It was judged that the
dam cannot withstand an overtopping depth of more than one foot without
failure. Dam breach analyses were performed assuming the Dam would fail at
overtopping depth of 1 foot and that the resulting breach in the dam would be
30 to 50 feet widet.The, dam was assumed to be breached for its entire height,
as well as.to an ele'vatiQn6*feet above the streambed, which represents the
top of the road downstream of the dam (see Sheet D-11, Appendix D). Flows
corresponding to 0.1 PMF-and 0.5 PMF, the SDF, were used for the analyses.

The-results. indicate that the maximum outflow at failure for the 0.1 PMF
is approximatelyz 12,500 cfs. When this flow is routed downstream to the
first group of dwellings, the flood stage is increased by approximately 3.9
feet over the water surface that would have occurred had the dam not "3iled.
For the lower reach studied, an increased flood stage of 3.2 feet was calcu-
lated. This rise in flood stages would increase the downstream hazard to
loss uf life, and property damage.

c. Spillway Adequacy: Because the spillway capacity will not pass the
SDF without overtopping the dam and because the dam may fail during floud
magnitudes that are considerably lower than 1/2 PMF and thereby increase the
hazard to life and prcperty downstream, the spillway is rated as seriously
inadequate.

11

S. .. ... ... . .. .



SECTION 6

EVALUATION OF STRUCTURAL STABILITY

6.1 Visual Observations.

The visual inspection )f Glenburn Pond Dam is described in Section 3.
Observations that are relevant to structural stability of the dam and the
appurtenant structures are evaluated below.

a. Dam: The bulging vertical dry stone wall, the overhung stones on
top of the wall and the loss of 25 to 50 percent of the stone buttress,
left of the spillway, indicate that the support added to the dam in 1926
is weakening. A 1-1/2 inch wide vertical crack in the stone wall concrete
cap is located 22 feet to the right of the spillway. Although the afore-
mentioned observed deficiencies are of concern, they were in existence
since 1926. The o6-,erved conditions are insufficient for quantitative
analysis r'r the dam ,'bility. These conditions indicate that additional
investigations are required to determine the remedial measures neces~sary
for the structural integrity of the dam.

b. Spillway: Repairs made in the summer of 1980 (see paragraph 3.1
c(1) included the construction of the present plank weir. The spillway( appears to be structurally sound.

6.2 Design and Construction Data.

Available design and construction data are ir~adequate to assess the
present stability of the dam; thus, the evaluation is based on visual
inspection.

6.3 Past Performance.

Construction of a temporary support (timber bracing) of the bulging
right dry stone wall was necessitated prior to 1914. This temporary support
was replaced by a dry stone buttress in 1926. Considerable leakage through
the dam under the spillway weir was reported in 1956 and persists at the
present time.

6.4 Seismic Stability.

The dam is located in Seismic Zone 1 and may be subject to minor
dynamic forces induced by earthquakes. Generally, if the dam is stable
under static load conditions, it can be assumed safe under minor earthquake
load conditions in this zone. However, since the static stability of the
structure is questionable, its seismic stability cannot be assessed.

12



SECTION 7

ASSESSMENT AND RECOMMENDATIONS FOR REMEDIAL MEASURES

7.1 Dam Assessment.

a. Safety:

(1) Based on available records, past performance, visual inspec-
tion, field survey and calculations, the Glenburn Pond Dam is judged to bein poor condition. Based on the small size and the high hazard classifi-
cation of the dam, the recommended Spillway Design Flood (SDF) varies be-
tween the one-hdlf of the Probable Maximum Flood (1/2 PMF) and the full
PMF. Because of the small storage capacity in the reservoir, the 1/2 PMFis selected as the SDF for Glenburn Pond Dam. The present spillway capacity
of 464 cfs (cubic feet per second) can pass approximately 2% of the PMF.
Overtopping analysis indicates overtopping depths of 1.9 feet and 5 feetduring flood magnitudes of 0.1 PMF and 0.5 PMF, respectively. The durationof overtopping for the aforementioned floods is 8.5 and 11.75 hours, respec-
tively. Failure of the dam would increase the downstream hazard to loss of
life and property.

Based on the above assessment, the spillway is classified as seriously
inadequate and the facility is rated unsafe, non-emergency.

The bulging dry stone wall and the gradual loss of stone from the
supporting buttress wall are of concern. The observed conditions suggest
that additional investigations are required to determine the extent ofremedial measures necessary to insure the structural integrity of the dam.

(2) Although considerable leakage emanates at the toe and through
the face of the dry stone wall, there is no indication of undermining orthat internal erosion is taking place in the upstream earth blanket.

(3) There are no means to draw down the reservoir in emergencies.

(4) There is no formal inspection and maintenance program for the
dam.

(5) There is no emergency warning or evacuation plan in effect
for the facility.

b. Adequacy of Information: The data collected from previously
cited dam inspection reports, past performance, visual inspection and
computations performed as part of this study are sufficient for Phase I
Dam Safety Assessment.

c. UIrgency: The recommendations presented in Section 7.2 should be
implemented immediately.

d. Necessity for Further Investigations: In order to accomplish some
of the remedial measures outlined in paragraph 7.2, further investigation
by a Professional Engineer, experienced in the design and construction of
dams, will be necessary.
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7.2 Recommrendations and Remedial Measures.

a. The following investigations and remedial measures are recommiended
for immediate implementation by the owner.

(1) Perform additional hydrologic and hydraulic analysis to more
accurately determine the required spillway capacity. As a result of the
analysis, design and construct a spillway that Will pass the required SOF
without overtopping the dam.

(2) Perform additional investigations to evaluate the stability
of the dam. Take corrective measures as indicated by these investigations.

(3) Remove trees front the dam proper, under the supervision of a
professional engineer.

(4) Monito-r the rate and clarity of water leakage through the
dam. Take appropriate action as necessary.

(5) Observe the upstream sl~pe for wave erosion damage and repair
as n~ecessary.

(6) Develop a method to draw down the reservoir in emergencies.

All investigatio~ns, monitoring programs -.nd design of recommended
measures should be performed by a professional engineer, experienced in the
design and construction of dams.

b. In addition, it is recommiended that the owner take the following
precautionary operational and maintenance measures:

(1) Develop a detailed emergency operation procedure and warning
system to facilitate timely and orderly evacuation of the downstream
population if any hazardous conditions at the dam are observed.

(2) When warnings of a storm of major proportions are given by
the National Weather Service, activate the emergency operation and warning
system procedures.

(3) After satisfactory implementation of the remedial measures
resulting from the recommended additional investigations, linstitute a
formal inspection and maintenance program for the dam. As presently
required by the Bureau of Dams and Waterway Management of PENNDER, the
program shall include an annuall inspection of the dam by a Professional
Engineer, experienced in the design and construction of dams. Deficiencies
found during annual inspections should be remedied as necessary.

14
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CHECK LIST NDI ID 6 PAI00371
HYDROLOGIC AND HYDRAULIC PENNDER 0D 03-00l1.

ENGINEERING DATA

SiZE OF DRAINAGE AREA: 9_R squnA milau _

ELEVATION TOP NORMAL PCOL: .1.3- STORAGE CAPACITY. 199 aCre feet

ELEVATION TOP FLOOD CONTROL POOL. NA - STORAGE CAPACITY: L.... rA

ELEVATION MAXIMUM DESIGN POOL: Unknown STORAGE CAPACITY: Unknown

ELEVATION TOP DAM: 1036.3 STORAGE CAPACITY: 263 acre feet

SPILLWAY DATA

CREST ELEVATION: 1034.3

TYPE: Broad crested weir ___

CREST LENGTH: 51 feet

CHANNEL LENGTH: 15-foot approach channel

SPILLOVER LOCATION: Middleof the dam

NUMBER AND TYPE OF GATES: Nona

OUTLET WORKS NO OUTLET WORKS

TYPE:

LOCATION:

ENTRANCE INVERTS: ..... .

EXIT INVERTS: ..... ..

EMERGENCY DRAWDOWN FACILITIES:

HYDROMETEOROLOGICAL GAGES

TYPE: None

LOCATION: NA

RECORDS: NA

MAXIMUM NON.DAMAGING DISCHARGE: 464 fs..
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SUMMIARY DESCRIPTION
OF

.FLOOD HYDROCRAPH PACKAGE (1IEC-1)
DAN SAFETY INVESTICATIONS

The hydrologic and hydraulic evaluation for this in.spec-
tion report has employed computer techJ, iqies using the Corps
of Engineers computer program identified as the Flood Hydro-
graph Package (HEC-l) Dam Safety Version.

The program has been designed to enable the user to perform
two basic types of hydrologic analyses: (I) the evaluation of
the over-topping potential of the dam, and (2) estimate the
dotwnstrcain hydrologic-hydraulic consequences resulting from
assumed structural failures of the dam. A brief summary of
the computation procedures typically used in the dam over-
topping analysis is shown below.

- Development of an inflow hydrograph to the reservoir.

- Routing of the inflow hydrograph(s) through the rescr-
voir to determine if the event(s) analyzed would over-
top the dam.

- Rowting of the outflow hydrograph(s) of the reservoir
to desired downstream locations. The results provide
the peak discharge, time of the peak discharge and
maximum stage of each routed hydrograph at the outlet
of the reach.

The output data provided by this program permits the com-
parison of downstream conditions just prior to a breach failure
with that after a breach failure and the determination as to
whether or not there is a significant increase in the hazard
to loss of life as a result of such a failure.

'The results of the studics conducted for this report arc

presented in Section S.

For detailed inf'ormation regarding this program, refer to
the 1Users manuai for the FIlood Ilyd(rogruplh IPackagv (IllhC-l), Dam
SaI'tIt)' Inlvestigationls plr'palred hy, tile Hlydrologic Ih ginec i ig
C I, ltelr, II.S. Atrmy Cori-ps uo" liginDiceis., iiV i s , (cai i orn la,
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44-L resulting from the experiments by th. U.S. Deep Waterways

-~---4----- -~- ~ - For weirs of trapezoidal cross section with sloping upstream
-- and vertical downstream face (Fig, 6) there are five series of

~ ~ ~ -- -Fie. U. Trapeaoldul welr.
experiments by the U.S. Deep W'aterways Board. All the

j~p.~: ~models for theme experimenta were approximately 4.9 feet
-- ft high, and the breadth of crest A R was either 0.33 or 0.00 foot.

The length of all weirs was 0.58 feet.
Table 58 (p. 5-16) gives coefficients derived from these

- experiments. Discharges should be corrected for velocity of
~~~~a ~ apoch by formula (2) or (3).

Weirs of Irregular Section. Figures 86 to 70, inclusive,
-~~~~~ -esen = --.-- f,---~odels wLeirs Lexrirnented on by the U.S. Deep

-kw-1 -

4-..

r 7--tjFlog, 68 to 70
- Waterways Board, under the direction of G. W. Rafter, at the
- - ; .. ! -- --- hydraulic laboratory of Cornell University. From four to

.,---, ---- ~ -- seven experiments were run on each model, the range of head
- varying approximately from I foot to 8.5 feet. Values of C

--- tabulated from these experiment.,are given In Table 56(P. -16).-

Table 5W. Values of C in the Formula Q - CLHW for Weirs of
Irregular Crow Section

Head In toot,M

- e ais 3 .41 ass 6 a .ss .3s ass I asi .3.53." 3 9 2. 24 ai .s os a .2 a.a aTo2s 0 9.29 3.45 .3 3.41 aý8a S .aa &.W aca .u



GEO*TECHNI L SERVICES 
op /Consulting Enginn ir & Geologists MACUATED u.?I...DT 2-8

CHECKED 
DAT

SCALE /,OZ/*5DVv7:/½4

4 -* 4 .



GEO-TECHNICAL SERVICES ~ E O

Consulting-Engirmer. & Godogiuels CALCULATED B

ONECKUOSY ATE.

(Pr)(,4c)

/0 /40. o .64 t)g:

Sr

fOF~~~~~h~~~fD4~~ Awiib rm.w#v ICTwommm lt



SIHIET GO.. OF,--_____e

GEO*TECHNICAL SERVICES
Consuftlng Engineers & G ologtsft CALCULATED NY DATE

CHEKE II1 - -DT

2'19,: ze-16e

498 RAPIDLY VAR.IED nLow

73 5

J I__ _ _ _ _ _ _ _ _ _ _ _



* ~~~~Joe .* ~A
* .. / SHEE NO. OF,GOTLCHNICAL'SERVICES .. E. ,Y

c:ift,•rng Eermwro' &.4 .' cos OALCULATID SY DATE "

-CbECKED BY-. DATE

ICALE-.-_ _ _ _ _ _ _

'4... ... ... ....

/ ' 7" . 2 :0 ' 0 . . '

/O8$9 2. 7 $, 5 7Z'c. .. .

/o,• .. • .. & : : •, :/• z ' . " •,Z ...... ' .. , .........
.'2,. .8.8. "'.0 / .. . 7 4 0 . / o

. /o08,0 /t.8 /5 i,,i #• /od 725• i- 4. .•5• . . . ......

l.en..,, /3,4. 15,! e.410 245 /06. •1o 7, 5517
/o'9$...3 /5.1 ,'s . idoT d,'9 vd., . 4. .6.'•4 ..

/0s7-5 ~ ~ ~ 2e8/75-4001:,0?0,7 24ýý3Bw7
/le).3 2/.5 30c 5eo /5/0 4el eo.,1•1S 2T,0&.

0 ...... . ....

./ .. .. ... .. .. ..

P OIM204 A ... .... ..uI. won 014..



&MEET NO.

GCALE.-

.7714 01f14 ,4r 0



GEO-TECHNICAL SERVICES CA:LTI Y-________
Comeuttins Engineers & Q~ologsbALLAE DATE-9

CHECKED MY - DATE

SCALE

.7 .. .... ..........-

393 /00

357

97-4 .993__

..... .9 .

904H ~ ~ ~ ~ LA 1 A 10 eT""mrEWrTYt.w" ,7



Jcoe /~Lb*/'/4

SHEET NO. or

GEO-TECHNICAL SERVICESCACLTDS________ T_______

Consulting Engineer & Geologsts
CHECKED BY DATE

.. .. ... .... ...

.... . .. .. .. .

.. .... ..

.... ... . ... ... .

o-1.34
FORM 204 Assitbo imc Towreuw~ WusO410



a IY

0 VY

1O O in 0 4000=0 oCan o aCkmaw 4 ~ommeco o 0' Q ow oob 00040oo

W) ew4 I4 g

N0 f

3. C *.-00"4

0 WC in 8D0e 'WC O MI 2C t 0C ,C

CLC
.in

0r C; V4 I~on n d n

ix 4.1. -K G.

1 m 4 " Ya y 10 . .4 c 0,00 Z 0,

14 IC 00 0

V). 41 W)) aF W) a) W 4 CDW 10C 000-4YD = VDSlr4i~v vL cw m aQ a cc

Z8- 0 C .4

.a Co. m 1P4

we s- . 0 4- 10 5
-10 Vo .0 0 %soli a 5-0

CLU hi a or.
k0 5 a; Wf 0w t; 00 &aa1Jw ) t i - w

W ind- 0 ot In 0 a-40 " r .4 & oJ a-5 4 0.4 O D

3.- .dc1 0 0 to ty ft a
405 L 48 -4- -4 J4 0 le-

CaV 0 C D

lb 94 -4 -4 4w
41 0 nw 4 1 C " t0 LI ;a 40 9- 10 -4 01400 6C j3 w b t-0 t-l S-I 0%a -t

Iti*Lb 3-t A4wo of 3e-E w 3J 3.. 3, 3. 0c w x5-a.Z x

* a. 40 0 lýi g g-..4 roC." a vw i a.4 ftot n-p t oa y mF)0005 1w05s. 0. 44 NW'414 CW 1Ca15,
cc 4 4 4 o we -4 0 wo Ne IN IN Cd 0y tyt Nft1 n01mo'n p V4 w



C) IL"414

W C5

000

0 V) 0.0

30:3 0 0.vrw
0 Ni CD9*

0 CLJ I-

. x 0 2 r 0b4

ct lo 0.cmC9 C
w4 10 6 0 onAU-m oCOr W: f-0U

49 ~ f 3r 1..0 0.. 0. 0th0- 1-, *o

2. Sb 0. 1- IL0- C).- 0 ~ - w0 ci.l q
go I-J f- 00 CE -a~O

i. on -0 v) 40 wi of).CU) . LL. -4 If a t. to fLJ IMJ ") 0 (L 4U. *.2 e
Zici~~~I *IL CIw 0 a 6-0u~~~

.. o 2. 0 w .1-D 101 1- ft 0 l.
10 " w. 20Ix. 0

A -2 0f ai 14 Sb Z 0 D-iCo. I ra 0 . £0 " ' u .

-4£ 1-00U 0.0 Ii hr. II C £
lu U in K. I&I C- 0.0 0C

UAM 0 j 10 120: C4 0 0 01.,9Il 0 0 41r a li- 4 I

""2 " 0 w 0-le) . b'01- 30 Co9- 0 AX 0.iPC
00C. C) 0 1 O 00U

*Y .0. SK 0 0. U0 %aO U e

05.1 j aw .1 0 C,03 .K on£ 0.* a toJ Q. 3w. C, D- b -,* . 4£* 0. I i

C0b 43 ZZ cnD 0

Olig 4 IL
AL 21! Q 0 1ý-0£ * 9.9 - 0 2O~i 0 00 0 0.o

04 U lom-

!h.~e. g4~



0 .4

oj ey * a .10 0

I- If! t
ir a IL 0 6'. 01n -1 a e- m- ito

in
CA to al

* .a 0r 0 a
Np N anfW @0 C 0 0.. a

-j in iny

KN C

- -f - a

D %D CK K

ai 3L dl L atn pý% 402 C4 r4 j

2- a a . .N L .4 H o 61 c

cow0 ft = VCL 4- .S t . a0* AL IV z aa1 w
0 01- orL t Nj

SL- a

0 ~~c 94 ca 4-0Igi o K 2 n.

oz a a 20 * 0 K %,) . JK U n COam c~4 1- 9j . 9 uS Kg
It in 0 N w rc K yin "- in C S.

It in .4 O4n .4

0.4 m ~

W m. e "I~j
0 OK4.4

If) a 0 his MCS C fU~~~0 aD CY K*V - 2

Nj 
IN aao oAez K ON md5 W r P m

IaI.

*0 C MO



.4 I

Sj W

CCI ,

#A 0 "

9 1 b 0 4 In 0

4~~- 4 0 D v

hi.4 CD h1- IK 1* 411

0~4 b in)

oa .9 in
Sol s-

0 W '4 CD 4 ~
C) W 0.9W . 3 a)L0 at C' f.

0 - C IL 0 lo wK )

Ig .94

.J 0.V

C o
2m C D

It) 4V) 
(r*~~~P a 

ofW. 
~ jSi) 4~

in N to 0 0 0

S. 4 -

V7 = 0- 04 &n C
f- V) 1. N

* LD. 0 S.J C2 2 5 0 C 0 .) CD O a4 it At 5
* ~~~~~C 

in. 
CTVi4 Ml ~ 0 * N 4

0ý tta Loj'0..~~~3 
x00U 0U

0~~~I 
f0 0- 0 0 0 -

4~~~s 
0 W)~ N 0z z z .

W.0 Q0 3 0 4L IL k L

4- 6-4A 0-.L

3 1 0 * 0 ~ 4 - , ~ ~ C V ) . t

AL IL 4L a



V ZC *A 11.

gh A o, W
W* A -A e

I In

C amo L ,.u- a aim

C. bP P.4U OD a4
* 4 N #4 .C5

W). .%f .0 .64

'o ohiC 1*1 In0-aI i

U0 b)-4 on cmP-l40 " %

0 #--a, -0 - 0 ey

42 -4C nt

0 C) LL) 0) ot .4 
k

4 w VCm It tP C, 0i
* ~~~ Lai in 0 5 5 @ 5

* . mg -4 4 '

0- at C W S %C0 1w o 4 .

C.C ,

4- 1. *4 10U N42-

2i SO 05 0 0

*2 0 a C ~f C

*, 0 on 0 0 V) wo " *~fn 4.

N N C3O a~a IO)W

* ki 140 a S m
*~~ ob P-, tD& W3FIC

K lt 0 4h aS 00
61 ~ us60 0 .1 CO5~

S 0CSI. 0" C) I P- V CPI ft DIV

~~- O- .,. W) 4cI U -r - -r)

da a,
CaC

4.- wo 0 a0
3~~~~c 0 CY 0.. w CD M C0IV OI 4 oI-

44 op a k" OP, C) 0J hi w0 S

o~~~l CY 9 a Ou C ~
ot Or i) o A 401 N W4 k

4~ M)' w zi 101 44 4 4

J &K

-w 
in SbC w0 k9 5 S *

5-~~~~- di- 0- aSP 4 -K~ ~ l

CC vm .a,'D,718 L



0.- -4 Pt

40

44. CS 04 0 isV

* p N7P .0 -& I

m IN

WV r~t m mc

IV Inc em CYm emw

*L W4 %6u4 *
*N NY

0* CM 40 be-C " I . 91
tL It P-w D1 f1
a. 'a on Na, f= %D

07 U Cb CS be S

m, to me r to .0

4r 0. C N
*1 22 b-l Pr'c 0 n c

I. i-iO 0, a,%

*~4 C, WC I-.CU
* ~ ~ ~ ~ i 0- 00 K * C e R C

* 4 I.- W. a- a, oAt P-v a, - Wt)a

6* 0 04 w 4xC 1W n P - 64 P

*. &mv . ta I N Nr
0 C s-r In@

a 9' ' C C C %a P. 4 -t%
a 09 cm Wc ec ccn C p4D a&

4 u 0 NI. r 0 £0 VS* pn t- r- - Wit eCY PI.
* CD epC4~q P) cc N'~ cc W NW)
* C2 4ý 4p0 0 a, in 04.

* z .- 4py a. ft 0 ')
9 C3 '4 3'4 40

C c6 - 0 N C

9 C 20074 SO &D 9 on ** 9.

U b- 0 ak a 44 Xe Sm Cm cc p -
Li a) a t- .Jý b-C 0S £1 N4 £

3. i '4 0; gou *D N, a, N

LA 04 ov Ni a, wd ii
an .. .a at it w

t*5 -m on0 L 9 o c 4

o. w' .c -9a OR-eq4
f- 1- 0.- b- I- I.- ~ i C P- i

* wC one anC 4 4

OK PC '4 W.2.J
Lip 8 i



vo . L
'4 04 m4 0 4 ~ 0

C3, 4p. mm N 4 0 4tme
ifl9 W4 U'W, .4 a .4 42 . W"4 V

4j 18 WI cWr o

4w
I.. '4 U.4 '4 ~

i IAW L. 00 4 OD ' #PA an 04 CY i W n4
6ý- 3L w ~ - a~n 4 U 5 9- ' -

4.j a NY cu IN C
ar

*A'D a OD -8 94N 4 4 's 1,
Cý ~ .=4 0L; -4 0ý4 1-- 94. -

CC V,- 0 '0 , I I

0 
CU

10

W9 - NJ a, 0.1 1) N-% 'Er a'f l.C%
0m *0 *C 04 f- al 0 ab 04 I

ix Ne '0 -0 w* '* V. 9 t-V

U.in2 t'- mA 1I ID gm l4

Z~j Z Ja

CQ a, w'.

=. -44 on In In' '
0.. "i ~ o ~ ~ . e o

4ne -' mm S 5 9

S~k 0Y INI C 4 m mYA

CV, 44 ~ 4 .4w ' 4 4

00v
'4 ~ a -at 4 '4 '



IL,,

C 1 LL AIc C ,0 C
I- a I )I

C' CyC ykL z41

V)~ in C0 CD 0 C2,( D0 DC
cc Kl nV )I 0 C' ff. m~ r-J in wJ w)w

%n ow Cn u' CC D 0 *1ý * .= 01. 0w' # , -r-c . -C ' .,I , ) r vc mc v f

oK w~o ' , ,o c a ,# .ccs-.,-vm Q emrr~ 'D. CCC C.= o C C."D C

ui CD~~e U. L6 K Xf 0k 4

_- 3K I- n -w0pat

40 01j M0 ~U 0 Omt- n 0N
IL L'i Q 0 0b. NC e0 4 0 n iI, n

@0J w~ 0 4) C I No t- -K Ls' -ft. 0

DI&. 4P-M V - . 0 j 0-A
14 3c -V 4 ) M t- q 0-&z -

W I- ,
Z- C.V,3'j~ ~ i

i*44 4_j*(U~. 04 40- -
:w a0- tOL 3L .

a. C:
4/ME mV m 4t0C 4 C '04C'i

Kj 49 0- p 0 c a a0

CC

&~L c, ime n

141tCA 4C C 0 00 C



C.,)~~~ ~ ~ ~ 1O.ýC .: m a0 0c00 . pC b9. c00L

41 C m ~e vV, C2 42'D 0e 0 do aC; 0 n 0 0 ma a~ca CQCI.

a aa C O4 'jC Cac a ae;a e onU~

00 -

V.4

tCt #' r- *p- . C5

Q W 0 * eN0C

0. v Wa C3

m "coC, 0 f CCYe eruaoY ONOg a a C CD W-

(n w j Fn V.9 .4.Pqp-- c.

C, ) CLC.

m C3 LL N La- PI 9CYi 'n &L2 P. pn 0. t.i0 .0 C2 P. c

z 4 0 -14 b- C2 Z - a4 4 _- C

aDa
I W C,4 

. 1 
Lr c 5 M C 0 0 0 0 - qa C

~ 4

'L x - u~c 31 ct...ce o~. C 10 4 644 0 0 .40 0 v.

0-9- IWO .4 - N . 2.SN a 44 * .0
0 0. P2 4 P2I-

0. a0.

~~~~2 .~.4 .4 MC vCtc Yc no no F n p&~4p 4p 4p 4.

_j -4
4 L . 1e NLun v2 Na~a~ . pv.a£l2~a.C' .a



I IIJ

Q zC;' ~ a
in

C. C0'D C

0-

' 0 UI, OD

C- C-C O D DC

x to do'
-K

Li

*00w0* m c

a, r

OD~*

cc a 3n4

0 *#pr;n Lo kojfinin

'AO



*l N.

4p- 9
CD

9~-' C,4 en ~.
46 0

4 'a W

4p .4
I P-c a2.C

cr,06 1. ..

z r-C C,

I- 61 i=cc4
a~0 S. 

. .ct 11 z I9':

z z '. o -a ;n 41
~ ft . '2 4K 0..%

-A'- v)Z 0 49 m W5 l aK
- m C- LL I- CL 0 c - .r

4- , 01 0 Of0 - a
(L~- CK im I- in. a 4

20- 44o m m. 
a-0 .oN ac cc

0O * 0I
- K *2 IX t . I N ( I ' 0 c0 Lcia0. zui cp.I-

IZ x -. 0-. 09 . ~~
uia I u C , GO I- a 4- %a

1 - - k -
9c 0 4. I . - C

*~I C) ) C Z L O '

* .- ~C 9~.q U, = a - cw 0 . .

9 ~ ~ - Z4 0 
U:*.~~') cc D 09 . '9t~z co sf

zoo 0

4..5&

CL

90 -. # xP-L

4, I. &L *4
9 9 1.- 4f of-

9 0 U)Li 9

I-



A

go P. Or 0 -
in 0-a c P. *

4. -9. . 4
An N..

-i .z toc y

.'q W 0 ocu 0

9. K- 0
-9 CP V. x -

*C In N @

NC 4 L.i Eft N
co 0 .1 ;

aL a . Go W) 4p aPP

0~~c .4 *0N l~~
CK I- .W4.2

ca 0 0i
I- o 0 at og. C:0

-~~i 4. 0 U- 9r

0 . 0 -4 ca 1 -0 a*D .
U. .v 6b .- o 1

4 00 I*4 a N CL Z 0-

U. I-C *o Q ,42I t
4K I-C 4 W 0 S ki a N3

*~~ a. 1- AK C 4 s . .

IKLJ *. 0 Q 0u2= W

oj to ý . ** I- 4. .
W 9 v . 4 0 fl) U&~ 4. W =9 0 9C rV

Q) 9 IA. I A. a. M W)C CII 0I

IcQ 60 z1 L 4I

L~a CD- 4 .4r OC: 'A 0C' C 0
z 0- I0 ut ca IL, in - 14

192~ $. N 0 12 I - .J;N -o 49t .4 . I a~cn2-
*4 l.A U C3 IL.

La IL * -90

9~~4 x4 40,- I
N a cc a it, n or4

IL 0 *

C4 P.- ..
IL 49IL

* 0 X 0 at.. .
aY %a PI % '

0~~~4 wo.* I-~

CD--
00! -C2

0 V6e..

4 7.1O W l



4 .0

-i I

Ic 0.1

9~ 0a

14 V) W)c 4
I. CD P:

14 * a LC

M~ a I.-a cz W) 0 31C.3- ca I-ap
k 

2. .4 1 go' W)
3-C a- W) . ~ . . .

4~C ai 0 V
IL CD Fn .4

ic inc %aa 4; C; a

49 -1 V)3V
W. V) I- ) .

T -K V) 4 * a. ,-K4 a .cc z I- Ja 4
L. Q -4 = 4n C*

z Da Zo J0. W m.a 0.

2 IL Cr W w 01 W ) CDW. CD in Wa * . 2n

3- X ) >I 4 a U, 'A 0 '9V)
CL C 0 0A L 49i- a C 1- hi 4 3 P- a:cu z u 4N U) a ON aJ

ix 4r W 0. CDC CD
4 z3 CD XCLS N C"i CY 0 = ~ 0 C6 hiNAZ Z a 4 0 ~ - V) .- C U .- 4'.~ l I V 95-~ ~~~ ~ ~ C, 0--h ) iS - '4D V) i. V)1 3) ' U .

co 4z0 .

0V Ca

0.. 1- 00 3-ca0 0 S - . '

C2 CD 4r in fn. V~~~~~~. t-s ai 
O d'C U 4 )N

3-~N IL C C ~ 0Ch IL
3- , N U IL -W Lai )

4~~t 4 4 C . .4 0

AD 0 C C

9 h .. . . C S



La W

J 0 1 0 j

on JFn

.4.41

ai

LL a LL CU

44 44.9

I cm

(A e': C
01 0. 0 V)

C

0 0 00 C a

C mK

U) ) V V) K- on1 K 4KU

49 .

IL0 0 0L a

49 64 4 1 4 4

z z a . z

do a. 0, IL't



*Lb $. a -a

AK V a

I ... D C o c4

0 C

z 0 0

4. 0 a 9W I x4
-a 49 V)CLL

aa

*~~I C .O W4Y

> c: 0. x0 a

z my
* u0 caa .cu.. w

t* - t-J 0 4 b

0

- I z0 0

U~I I ' S.4
*~~6 1. a~



-A 01 N0 n0 0

V4 14

4%j 0-0mp S
InC .41 4 .4 i p-

540.

ca 4 W V4p 4W
*Y 0 0 In 0 0 'a 9, 

O
a. -9* - S

N N, LOa
W)0 0 0NCa

It P; 00 %00o " 00

CD - o n -.

Q' 41 4

W. 0 g

> m . IdT 04 Vfl a,0 4AC1 F C aC CD- I- in

0 Ln ~ onT %44 'm4 0ýo)J. ~
- o seith %CIO %a 04 FIll 'A 4J

4 0 0 a P

IIn
a' w-. a,- 'l~a ~ -

*e .4v l 4.4 0% 0r CD .11
40 4r4)

0 CD cm0 * 4
F2 00 -* " z 0-

00 C2. 0

C2 0ý 0 00 'a 0 0 04G..P 44 0. ON -4P -0 0 4 2

N 4.-n 010 k-n ~ 4V) ca .4 In I- c4I 4

.9 4C 4M 4

%a- *S to,
ar CIL '. I i =

~FIow F8 k" wsP 0
W~ XI's PC xI IN w

L=ao IC0 V.II a'. a

L0 4 F.4 aC F



'o ~ co o 0•

iL

4v'

*0 .10 *e:

P-A PIN h m
.41) m . mm• |

Np. P.4 ~' 1.4 4D

N 0 SO In 4p

SIW a, t

W"' m nV) *p,4 NW) 0

oI'• In N W.4 WMa I
66O % ,4 a N

% - f ea

JL. .l , 4. V

3c am, 'D C41" '• (1•'

q 0 04 n4 0.4 4p

:' 4z., " ,,
' .C• t o 0 cc

rj m a %aCY
71.-. N :.9= " ca O'b on .w 'm **0. 0 V) a% * - W'm. 40d n tWK a~ *0

j C; 9.1 CID '.aw a AV= Li a, 40 . ' C:
-ina4N ON

.,It,

ca N3 Nc
ina =a a NN 4 % %

,. a ca V) ,a

.-. P.. a *" u p1 -P.

C, I.-,

Sa a m ~' a W a' Qu o

~~C Z~4 .4 -ý V . V

4 q . !.l-- ;.

.4,1 Ký on Ina .4

Z.-.p• aO

0)0 *g. 0 C.

inb 40do c 0 P-G
.44

4p 0a a aOa

cc I ~ 'AC.0 h l a, c

0. 0~** .* *U2. V .a'~ t I I-P

in 00 qq 0" Ua

6A w "A 
arj 

61

Cja 10g' 0. 0. a.0

P10 (A1) W- P6 V #

-J~~~S 0.09 4. %



0- A

L. 4

0jl I
ik

ILU

cc

'I. 104 p4 r W1

W Q

Zj a ol Fn i
gUn.J .

w a

-Jb t 0.

49

~49
19

0NY



Wa a: i * a *a Ba em w is f. ob ola a I *..fm

* .tI 'sE BiB 04 , *No B

St1  .g 4 In %& - P. #- t t- P.
l IN C N4 on It Ity " a

a, knI - -Y I. I z fe 1 .9 . -

0 Ba toa CB *a ) %a .4 *a 1- 4n e

-4 onW S Y .N m .4 CMd 0. 4

N" W, 4t 004 0b4p#W

2

wI

S.'=

,P. 9. , D3N #4' #4

N N "

- O!



3l 3i 3 3l 0 0 0

u~~~j IL. ,k .J a .

0 L S W in 0.. in I L A ni LW I
K~~ 0.- ft~ e O K4~O a4[Z " x *. *055 " *W - Z *m 40 .r

)4 W) 4. VC

--. %-- D N 0I

a I a arzA

cc 00 fo1 0 - 00* - . 0- •O0 I.- ) -- K[

-0 lz '.. -. tWC .4

- "0 1- 00 c- 00 -In

w n. e to. . •

In z- S =* 23 b

0•rl€. 0.

I, inc U) 0

zC * 41 C" *. 49

Z= a• 0a C" •

4p C-4 no .Nq in )
4

1h w4 N41 P: P.0hni CD

A- fn'- 1Ot t1 " m a o

i U. *.4r0 .j 40* II 411. 1 Vi

K~A IL0 . *

o Cr W) Ili m w Kn

I" ,*"• T 4 ,- ,• I,, o*" "1" qZ 4 I•' P *'54 I4 P
4"-C 1.- -40al

-* 3t %a

0a 09 0 0 ) 94

o11 , 0 'K .2

. 4J 0-L.. 
4  

J .. 0.i 444J"n- Vw
G. DC- t-.K S P .01 *S

WU0 4 . 0 rtl ~ . * tlO4 4W 1 @ Win C 5

* CS "S C 1I

*C I. a5 e4-4m
(V N N

CL AL * 0.L 0

X ~f * aa pn in qr -A n j o



$.- 4y1- 4C

on in ms- * i- e*K ~ g

U. IC I-. o5 ina S. 1- . ~ I.-w. ;' IL. N* we *4* .0K W .z W c 4 .J C. .W ca k: 000 cb v~'h
- 4~ .4 M 11,10 4. 0 44 Z IC 0 4C C 4

I- I.- It. I-) "- K. n n
V"- g- 1- 0 6- 0.-

z/ V) 4L W Ii mV~~Aa. in* 1114 m5~ 4 O ~ o ~ o3=~ U. on.L 0l L 1-o

14Z .. :; m 4-r * u
j 40.~4 40 0 N40

K.. KJ IL IKIL

-40 0 00 C cc c a0 C.

a... 1/) iU~.ed ~ '~ em -09



I-

I'D .. CD to
cc-

K-cc Ka

K. a, Cl
LL. , • •" LL, .

W v)

" L6,, I . 0 •ee L . '

a-.D
0 40au * 40q

1,- M ,--- 4-

K-r..I ,xr.,J

,-J -. I

- - 0
LL 0.

*D SD m . . - . - - .r



r APPENDIX E

E XH IB IT S



/ .~-........ .

WUL( 14

r, 5c."

GLENBURN POND DAM '

... A

Cit 'lu IL VOlt

LONGESTHWATERCODASY

WAERHDILINT

14 ' A BO ND R



OFRIHLDAS.N WL

J. (924PHOT) VW OFDOW STRE M BLGE OF RIGHT DRY STONE WALL

EXHIBIST B-2



10I
10U

101

EXHIBIT E-3



APPENDIX F

GEOLOGY



GLENBURN POND DAM

APPENDTX F

GEOLOGY

The Glenburn Pond Dam and re3ervoir are located within the Gla-
ciated Allegheny Plateau Section of the Appalachian Plateau Physiogra-
phic Province. The site is about 12 miles northwest of thu axis of the
Northern Anthracite Coal Field of Pennsylvania. Except where bedrock is
exposed, deposits of glacial drilt of variable thickness cover the entire
area. The drift was deposited by the Wisconsin Ice Sheet during the
Pleistocene period of geologic time.

The glacial drift is composed primarily of till which is a reddish-
brown, unsorted, compact mixture of clay, silt, sand, gravel, and cobbles
with occasional boulder size pieces. The stone pieces are sub-angular
to rounded and consist mainly of sandstone and siltstone derived from the
Catskill Formation, the dominant rock formation in the area. The clay
content and compact nature of the till makes it a relatively impervious
soil type. The right abutmefnt of the dam is underlain by such till.

Some deposits of glacial outwash and Kame terraces are also found
in the area. These deposizs are composed of loose, poorly sorted to stra-
tified deposits of silt, sand, and gravel. The Kame and outwash deposits
are generally very pervious.

Other loose pervious soils in the area are the recent deposits of
alluvial silt, sand, and gravel with some clay. These soils are localized
and limited to streambeds and flood plains such as the marsh southeast of
the lake.

The bedrock underlying the entire dam and reservoir are& is the Cat-
skill Fo'rmation of the Susquehanna Group. This group of formations is
of Upper Devonian age. The Catskill strata generally consists of well in-
durated, red shale, siltstone and fine sandstone layers. Occasional gray,
green, and brown shale, siltstone and sandstone, as well as conglomeratic
layers are encountered. The red shales are the dominant lithology and the
residual soils derived from this rock are usually high in clay and silt.
The downstream wall and buttresses were built with Catskill boulders.

The regional structure of the bedrock in the area indicates that the
bedrock underlying the dam and reservoir area is gently folded. A ten to
fifteen foot excavated bedrock face near the dam is composed of red and
gray shale and fine sandstone which strikes N45 0 E and dips 12 0 NW.

Ref.: Ground Water of Northeastern P-ennsylvania, Stanley W. Lohman,
( 2937; Bulletin W-4, Pennsylvania Geologic Survey.
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